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A : S×S → R∪{−∞}, (i, j) 7→ Aij
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by,x(z) = d(x, z) − d(x, y)
¢pk
z ∈ S .
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(a, b) 7→ a ⊕ b := max(a, b)uwg?|µdfPSV#T¦hSyzdflxSyl},udflprg
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A∗ = I ⊕A⊕A2 ⊕ · · · ∈ RS×Smax ,













A∗ = I ⊕A+, A+ = AA∗ = A∗A,
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AA∗u = A+u ≤ A∗u
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B := M \ K
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w ∈ M .
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i, j ∈ S
 # & U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K·i = K·j
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µu : M → Rmax
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ui ≥ lim sup
K·j→w
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w[ = K[·j = Aw
TQ"$
w = K·j ∈ K
3"$Z
w ∈ M
      w[ ∈ S $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w[i = lim inf
K·j→w
K[ij = lim inf
K·j→w














w[ = lim inf
K·k→w

























H(z, w) :=µw(z) = lim sup
K·i→z




















H[(z, w) ≤ H(z, w) ≤
 ¢prkturyzy
w, z ∈ M .
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H(K·i, w) = πiwi
®U/¯
































w, z ∈ M







w = z ∈ B , pwdPSVUk¤¥lcfV
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{w ∈ M | H(w,w) =

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πw = sup
i∈S
πiwi ≥ lim sup
K·i→w
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M ′ ⊂ Sb′ := {w








φ(w) = w(wb′ )
−1, ∀w ∈ Sb ψ(w
′) = w′(w′b)






























































































































(z, w) 7→ H(z, w)H(w, z) .
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M m ∪ K
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ν : Mn ∪ K → Rmax







ν : M m ∪ K → Rmax
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ν : M m ∪ K → Rmax





















ν(w)H(w,w) = ν(w) lim sup
K·i→w
πiwi ≤ lim sup
K·i→w
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ξ = u⊕ v
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ξ ∈ M m ∪ K
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ν : M → Rmax
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ν̂(w) := lim sup
w′→w, w′∈F
ν(w′).
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= πξ = µξ(w)πw = µξ(w).
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ξ = w ∈ M m ∪ K
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ui0 ≤ αAi0i1 · · ·Aik−1ikuik
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σik ≤ ασi0Ai0i1 · · ·Aik−1ik
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u, σ ∈ RSmax
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−1Ai0i1 · · ·Aik−1ik ≤ α(σu)(σi0ui0)
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Āij := πiAij(πj)




−1 · · · (Āik−1ik )
−1 ≤ α
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Āi`i`+1 · · · Āik−1ik ≥ β


















 ES"J#" &'Q V     A V




w ∈ M m















































































§  kprT 4VUTWT u i F£i¤V|V;|hi}V
dPiud
w ≥ µw(w






§ °¨a =Dm=hiudlzpg ®94;r¯ª£
w ∈
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H[(w,w) ≥ lim supk→∞ πikw
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i, j ∈ S
£S¤¨V
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ij = −d(i, j)
¢prk















|Kik −Kjk| ≤ d(i, j)
¢pk
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K = {z ∈ D | s(z) ∈ S
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ij = −d(i, j)
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β1, β2, . . . ≥
Wcfhi}~PdfPiuwd7dfPiVtxSkpb|Shi}ªd
β1β2 . . .
}pgbrVUkrV;cdfp¦u·«igil¬dVtyzlTWl¬d;
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i0, i1, . . .
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t0 < t1 < . . .
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lim`→∞H(K·i` , w) =
§·°¨a 4V,TWTWu#S F£
z ≥ H(w, z)w
  V|SV,|hi}UV
dfP?ud
H(K·i` , z) ≥ H(w, z)H(K·i` , w)
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H(K·ik , z) = A
∗
bik
A∗ikb = −2× d(b, ik) → −∞
 6\VUgi}UVr£
H(w, z) = −∞
7°¨hd
H(w, z) = A∗bjA
∗
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ν(w) < +∞ .
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k ≥ 0 .
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M m ∪ K
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ξ ∈ M m
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π1w1 = π2w2 =
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i = 1, 2
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1 × (K2 ∪ M
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2 ) ∪ (K1 ∪ M
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π = π1 ⊗ π2
  

K = ı(K1 ×K2)
$&
ı(M1 ×M2) = M

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i = 1, 2
 AQ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H ◦ ı = H1 ⊗H2

 0" "?T 
¶ZicfVUkrV·dfP?ud
K = K1 ⊗K2
P6tVUg?}Vr£

















ı(K1 × K2) = ı(K1 × K2)
 6tV,gi}V£





















z = ı(z1, z2)
urgi|
w = ı(w1, w2)
£­¤¥lzdfP
z1, w1 ∈ M1
uwgi|






























π(i1,i2)K(i1,i2),(j1,j2) = ((π1)i1(K1)i1,j1) ((π2)i2(K2)i2,j2) .
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i = 1, 2
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z = ı(z1, z2)
uwg?|
w = ı(w1, w2)
£=¤¥lzdfP
z1, w1 ∈ M1
£




































































r C$    R $8A O A #

	 "'V  0
 0" "?T"?T   " A"JU "$     V
ÁbgSp¤ ¢kprT 4V,TWTWuSÆ
dPiud
























H[1(z1, z1) = H2(z2, z2) =
prk










1 × (K2 ∪ M
m
2 ) ∪ (K1 ∪ M
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(A1)i1,ji = −d1(i1, j1)
£
(A2)i2,j2 = −d2(i2, j2)
£
πi1 = −d1(i1, b1)
£·uwgi|
πi2 = −d(i2, b2)
£\¢prk
uwkSlzdfk~uwka iurcfVUx*prlg=dc
b1, b2 ∈ Z
  V!cePiuryzy©lyyzhicedfk~udV·dfPSlnc¥lg,=7vurTWxSyzV 4;S S
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i ∈ N \ {0}
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uwkVuwyytV,m=hiury¥dfp ©  VÀPiuÑrV
B = {ξ}
 ¶ZgSV2},uwg V,ucelya }~PSV,}~Á±dfPiuwd
H(ξ, ξ) =
§ OQPSVUkV¢pkfV£
M m = {ξ}
\y¬dVUkgiudlzVUyar£¤VtT uÑa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M m = {K·0, ξ}
£%¤¥PiVUkV
ξ
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α, β ∈ Rmax
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i, j, k, l ∈ Z
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R := R ∪ {±∞}
V,m=hSlxSx?V;|¤¥l¬dPlzdcthiceh?uwy§dfpx?pyzpra









B = M \K
lcQgipwdt}ypcfV,|© Kpgiceln|V,k




A(i,j),(i+1,j) = A(i+1,j),(i,j) = −1,
¢prk
i ≥ j ≥ 1,
A(i,j),(i,j+1) = A(i,j+1),(i,j) = −2,
¢pk
i− 1 ≥ j ≥ 1,
















































































































































































B = M \K
lnc¨gSpwd¥}ypcfV,|4
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ξ0(i,j) = i− j + 1, ξ
2
(i,j) = i+ j − 1,
urgi|
ξ1 = ξ0 ⊕ ξ2.
 VPiuÑrV
H(ξ0, ξ0) = H(ξ2, ξ2) = H(ξ2, ξ1) = H(ξ0, ξ1) = 0
  pkQuryzy©prdfPSV,kQxiuwlkc
(ξ′, ξ) ∈ B ×B
£
¤¨V\PiuÑV
H(ξ′, ξ) = −2
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A(i,j,k),(i,j+1,k) = A(i,j+1,k),(i,j,k) = −1,
¢pktuwyy
i, j ∈ N
urgi|
k ∈ {0, 1} ,
A(i,j,k),(i,j,1−k) = −1,
¢pktuwyy
i ∈ N, j ∈ N \ {0}
uwgi|





k ∈ {0, 1} ,
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(i, j, k), (i′, j′, k′) ∈ S
£
A∗(i,j,k),(i′ ,j′,k′) = −|k
′ − k| − |i′ − i| − |j′ − j|χi=i′ − (j + j











′ − |k′ − k| + i′ − |i′ − i| + j′ − |j′ − j|χi=i′ − (j + j
′)χi 6=i′





































k′ ∈ {0, 1}
%OQPSVTWlgSlTWury[2uwkfdflgcfxiur}UVDlnc0}prTWx*pcfV,|prSdfPiVV,}ªdprk~c
ξi
′,∞,k′ urgi| ξ∞,0,k′ ¤¥lzdfP i′ ∈ N uwg?| k′ ∈ {0, 1} ¦OQPSVds¤¨p#*prhigi|Suwka2x*prlg=dc ξ∞,∞,0 uwgi| ξ∞,∞,1uwkV
gSprgS¡NVUv=dkfV,T uwy©uwgi|#PiuÑV·kVUxikfV;ceV,gd~udlzpgic
ξ∞,∞,0 = ξ∞,0,0 ⊕−3ξ∞,0,1 ,
ξ∞,∞,1 = ξ∞,0,0 ⊕−1ξ∞,0,1.
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